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SUMMART 


A three-dimensional investigation of straight-elded— profile plain 
ailerons on a ■wing with 30 ° and ^5° of sweephack and sweepforward was 
made in the Langley 8— foot high-speed timnel for aileron deflections 
from. —10° to 10° and at Mach numhers from 0.60 to O. 96 . The wing wlien 
unsvept had an RACA 6>-210 section^ an aspect ratio of 9*0, and a taper 
ratio of 2.^:1.0. Sweep was obtained by rotating the wing semispans 
about an axis perpendicular to the chord plane of the wing at the center 
line of the wing. Rolling-mament^ wing normal— force ^ and wing pitching- 
moment coefficients were determined from pressure— distribution measure- 
ments. Aileron hinge-moment data were obtained by an electrical strain 
gage. Ro corrections have been made to the data as a result of bending 
of the swept wing. The restilts presented in this report^ therefore^ 
are specifically applicable to a wing with flexural characteristics 
similar to tliose of the model wing tested. 

The severity of the large changes in rolling-moment and aileron 
hinge-moment coefficients obsezwed for an unswept wing as a result of 
‘.-ompresslon shock was reduced^ and the speeds at which such changes 
occurred were delayed to higher Mach numbers by 30° of sweepback and 
sweepf orward . The configurations with 45° of sweepback and sweepforward 
had rolling-moment ani^ hinge-moment characteristics which; for the speeds 
covered; were not snaterially affected by change in Mach number. At the 
higher speeds; the configurations with sweepforward genereilly developed 
more rolling moment than the configurations with an equal amount of sweep- 
back; at low speeds; the reverse was true. The configuration with 30° 
of sweepback generally had smaller aileron hinge moments than the con- 
figuration with an equal amount of sweepforward; for 45° of sweep; 
however; sweepforward gave smaller hinge moments . The variations in 
wing pitching-moment coefficient with Mach number for el l the sweep 
angles tested were large. 
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USTEODDCTION 


Investigations made In Germargr in tMs cotintxy have shown that 
the use of sweep delays the onset of the radical changes in aerodynamic 
characteristics associated with the presence of shoch on the wing. More 
recent investigations have added ai^eolahly to existing information on 
the characteristics of wings with sweep in the subsonic^ transonic, and 
supersonic speed ranges. Among these is an investigation of the effects 
of 30° and 45° of sweephack sind sweepforwa2?d on the oharacterletlcs of a 
wing at Mach numhers up to O.96 (reference l). Some low-speed investi- 
gations, such as reference 2, have studied the lateral— control character^ 
isticB of swept wli3gs. However, there is a lack of lateral-control data 
for swept wings at very high speeds. 

The tests presented herein were made to determine the aerodynamic 
characteristics at high subsonic speeds of plain ailerons on a wing 
having 30° and h 5 ° of sweepback and sweepforward. Wind-tunnel data, 
incliidlng rolling-moment coefficients, wing normal— force coefficients, 
wing pitching-moment coefficients, and aileron hinge-mcanent coefficients 
were obtained for aileron deflections from —10° to 10°, for various 
wing angles of attack, and at Mach numbers from O.6O to O.96. 


SIMBOLS 


The symbols used in this report are defined as follows; 

Z line of intersection of reflection plasoe and chord plane of wing 

(Z-axls) ; positive direction shown in figure 1 

Y line perpendicular to reflection plane and intersecting X-axis 

at origin 0 (Y-axis) (See fig. 1 .) 

X, y coordinates of ary point in chord plane of wing, referred to 
Z— and Y— axes 

Y* principal reference line in the wing (Y*-axis), obtained by 

passing line through q^uarter— chord points of section chords 
of unswept wing 

X' line perpendicular to Y’-axls at origin 0 and lying in chord 

plane of wing (Z*— axis) 

X* , y* coordinates of any point in chord plane of wing, referred to 
X*— and Y'-axes 

Aj, sweep angle, measured between Y— axis and Y*— axis; sweepback is 

considered positive and sweepforward negative 
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angle of attack of wlng^ measured ty angle between X— axis and 
direction of undisturbed stream. 

aileron deflection, measured in plane perpendicular to Eilleron 
binge axis; positive for down deflection 

absolute value of total aileron deflection witb ailerons at 
eq.ual positive «ri(^ negative 'deflections 

velocity in undisturbed stream 

static pressure in undisturbed stream 

local static pressure at point on airfoil section 

mass density in imdistttrbed stream 


coefficient of viscosily in undisturbed stream 


speed of sound in undisturbed stream 
dynamic pressure in undisturbed stream 


(H 


Macb number 
Beynolds number 


spfiin of model, measured parallel to T-exis 

swept semispan, distance along T*-axis from origin 0 to tip 



Tgt radius of straight-sided part of fuselage at wing— fuselage 
juncture; model value, 1.88 Inches 

y*^ distance along T*— axis from origin 0 to aileron inboard end 

y*Q distance along T*-axls from origin 0 to aileron outboard end 

bg* span of aileron, measia*ed parallel to T*-axis 

c section chord of wing, measured parallel to X— axis 

o* section chord of wing, measured parallel to X*— axis; in this 

report this chord is considered to be limited by fuselage for 
those sections partially covered by the fuselage 
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tip chord of wing, meae\ared parallel to X-exia 

root chord of wing, measured parallel to X-axis (See fig. 1.) 

maxi mum thickneas of section with chord c* 


area of wing outboard of fxiselage 


total area of wing extended through fuselage 
aspect ratio ^ 


(pr + Cgjt> 
2 


mean aerodynamic chord of wing outboard of fuselage 




section chord of aileron, measured parallel to X*— ails, from 
hinge axis to trailing edge of airfoil (0.20c*) 


rjDot-^nearfc-sq.uare chord of eilleron 



distance from the origin 0 to the latereQ. axis which is parallel 
to T-exis and passes through the (luarteiv-chord point of 

_ \ 

mean aerodynamic chord o^ I / ci dy J where x 

\ J ^st / 

is abscissa of q^uarter-chord point of any chord c 


aileron hinge moment 

aileron hinge-moment coefficient 




absolute value of total hlnge-^aoment coefficient of ailerons 
at equal positive and negative deflections 

section normaLL— force coefficient of wing (section parallel 


to X’-axls) 


\ U L.E. 




T.E. 


leading edge of section chord c‘ 
trailing edge of section chord c’ 
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ot* 




"“w 




A=t* 


section twisting-moment coefficient of wing atout Y*— axis 

/ 2 . />T.E. 

(section parallel to Z*-a3±s)( — 2 / ~ ^1,) 


■) 


normal— force coefficient of semlspan wing (‘based on eilr loads 
outboard of fuselage) (See figs. 1 to 4- for limits of 


integration,) J ^ On* c* 


pitchlng-moTnent coefficient of semispan wing ("based on air loads 
oTltboard of fuselage) about lateral axle wMcti is paretllel 
to Y-axis and passes through q.uarte3>-chord point of mean 
aerodynamic chord a^f (See figs. 1 to li- for limits of 
Integration. ) 

P tt ^7 1 

sin A / “ On*o’y* dy* ] + 

/y*a 


nuegramon. ; 


r^J 


rolling-moment coefficient (based on air loads outboard of 
fuselage) j due to single aileron deflection, about X— axis. 

r_i / pyv 


ISeb 


cos A 


fy‘a 


Ac„’o'r* dy* + sin" A 


^ Act* 


change in section normal— force coefficient dtie to aileron 

deflection 

change in twisting-moment coefficient c^* due to aileron 
deflection 

absolute value of total rolling-moment coefficient of wing with 
ailerons at eqiial positive and negative deflections 


Subscripts r 
■C upper surface 

L lower surface 


APPARATUS AfiB MSTHDDS 


Apparatus .— The tests were made in the Langley 8— foot high-speed 
tunnel, which is of the single-return, closed- throat type. 
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The wing-aileron model used In the wind-tunnel inveetlgatlon of the 
effects of sweep on the characteristics of plain ailerons weua the same 
model used in the lateral— control teste of a wing with no sweep reported 
in reference 3* The unswept wing had an BACA 65—210 airfoil section, an 
aspect ratio of 9*0, a taper ratio of 2.5!l»0, and no twist or dihedral. 
The ordinates of the tip of the unswept wing nn<^ the BACA 65—210 section 
are glTen in reference 3* The aileron was of the plain type with no 
aerodynamic nose balance. The chord of the eilleron was 20 percent of 
the local wing chord, and the profile of the aileron was defined hy 
straight lines tangent to the nose radius and passing to the trailing 
edge, resulting in a trailing— edge angle of 11.1°. (See fig. 5«) The 
aileron span of the unswept wing was 37-5 percent of the wlrg semispan 
with the Inboard end of the aileron at the 60— percent— semispan station. 
Two hinges located approximately 25 percent of the eiileron span from 
either end of the aileron supported the aileron. 

Twenty static— pressure orifices in lines perpendicular to the 
q[Xiarter-chord line of the unswept wing were placed at each of eight 
stations along the wing span. The four Inboard stations were placed 
on the left half of the wing, and the foiur outboard stations on the 
right half. The locations of the pressure stations are given in 
table I; stations A to E were Inboard of the aileron, and stations P, 

G, fl-nd H were included within the aileron span. 

The wing weis supported In the wind tunnel by a vertical steel 
plate which had a modified— ellipse section of 50 — inch chord and 
0.75— inch maxi mum thickness. The surfaces of this plate formed 
reflection planes for the two wirg semispans. Additional information 
about the support plate and the tunnel setup is to be found in refer- 
ence 4. The various swept configurations were obtained by rotatirg the 
wlig with respect to the support plate about the main fastening screw, 
which was perpendicular to the chord plane and Intersected the chord at 
the center line of the wirg at the 0.4— chord station. The axle of 
rotation is shown in figures 1 to 4. Wall— pressure measurements indi- 
cated that the flow over the model on one side of the plate had very 
little effect, even at the highest test Mach numbers, on the flow on 
the other side of the plate. A given test configuration with the wing 
rotated represented, therefore, not a yawed model but half of a swept- 
back model and half of a sweptforward model. 

The wing tips, which were revised for each swept configuration, 
were elliptical with ordinates determined in a similar manner as 
those of the unswept wlig. For the sweep tests a fuselage was 
simulated by the addition of two half bodies of revolution to the 
wirg at the surfaces of the support plate (fig. l) . The center lines 
of the half bodies of revolution lay in the chord plane of the wing. 
Dimensions of the swept configurations are given in table II. 
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Procediire .— Hormal— force, pltcMng-jnomeiit, and roll 1 ng-moment 
characteristics were determined from pressure-dlstrihutlon measurements 
taken at the eight spanwlse stations on the wing and are for sealed-gap 
aileron conditions. Hinge-moment data were obtained by electrical— strain- 
gage measurements. The hinge momenta were measured on the left aileron, 
which had no pressure stations within Its span. Because of the small size 
of the model nnti the high loads encountered during these tests, it was 
not feasible to include a seal on this aileron which did not Interfere 
with hinge-moment measurements. The hinge-moment data are therefore 
for an unsealed aileron, with a gap approximately 0.003 of tlie wing 
chord c* . 

The angles of attack ent^ Mach numbers at which pressure measurements 
were made are given In table HI. The data were obtained at Mach numbers 
up to a TTiRTiTmjm of either 0.925 or O. 96 , depending on model configuration. 
Aileron deflections of —10°, — 5°j 5°^ and 10° were tested with the con- 
figurations having 30 ° of sweepback and sweepfozward, and aileron deflec- 
tions of —10° and 10° were tested with the configurations having 45° of 
sweepback and sweepforward. Data for the swept configurations with 
iindeflected aileron were obtained from t'he tests of reference 1. The 
angle of attack was estimated to be set to within ±0.1° and the aileron 
deflection to within ± 0 . 15 °. 

Reynolds numbers .— The variation of test Reynolds number, based on 
the mean aerodynamic chord of the model wing, with test Mach number for 
tlie various swept configurations la given In figure 6 together with 
similar data for the unswept wing. The variation of dynamic pressure 
with Mach number In the wind tunnel Is also shown In figure 6. 

Correotlo-nH — Ho tunnel— wall Interference co2n'ections have been 
applied to the data, since the methods now available for estimating 
corrections at high subsonic Mach manbera are especially limited In 
application to swept wings. The corrections, however, would be smal 1. — 
the corrections to the dynamic pressure and Mach number are Indicated 
to be lees than 1 percent for the swept configurations at a Mach number 
of 0 . 925 * The tunnel choked in the present tests at a Mach number of 
approximately 0 . 98 * As brought out in reference 1, some tendency toward 
choke can be expected at a Mach number of O .96 for the swept configurations. 
Under such conditions, the reliability of the data at a Mach number of O .96 
Is probably Impaired; the general trends shown by the data, nevertheless, 
are believed to be correct. 

The model wing was made of brass and was relatively stiff. Since 
the wing contained cut-outs for Instrumentation, static bending teste 
were made to determine the effective flexural rigidity El (where E 
is the modulus of elasticity and I is the section moment of Inertia 
about the neutral axis) of the model wing. Taking a value for the 

modulus of elasticity of brass of 13 X 10° pounds per square Inch, 
the section moment of Inertia of the model wing was found to 
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equal c’ The wing tvristlng produced by the air loads was 

estimated to he smeLll for all the test conditions. The bending of a 
swept wing, however, introduces an effective change in angle of attack, 
which tends to augment the bending loads in the sweptforward case and 
alleviate the bending loewis in the sweptback case. Some calculations 
were made to estimate the magnitude of the effects of bending on the 
aerodynamic coefficients. Using the experimental spanwise loading and 
the measured flexural rigidity, the spemwlee change in angle of attack 
due to bending of the model wing was determined. Then, the spanwise 
loading resulting from the spanwise change in angle of attack wets obtained 
approximately by a computation procedure based on Schrenk’s method 
(reference 5) • The restilts of these computations indicate that the 
bending effects are appreciable. For example, for the configuration 
with 45 ° of sweepforward the calculated bending effects at the maximum 
Mach number of O .96 are of the order of magnitude of 10 percent of the 
measured values of wing normal— force coefficient and 15 percent of the 
measured values of rolling-moment coefficient. Since no corrections 
8is a result of wing bending have been made to the coefficients presented 
in this report, the data shown, therefore, are specifically applicable 
to a wing with flexural characteristics similar to those of the model 
wing tested. For actual aircraft, which would have wing flexural 
rigidities probably less than the flexural rigidity of the model wing 
tested, the bending effects can be expected to be greater than those 
indicated for the model wing. Plots of the spanwise variation in 
section loading of the wing included in this report will be an aid in 
the modification of the data of this report for application to wings 
of different stiffnesses. 


EEDUCTION OF DATA AND EESUITS 


In the reduction of the data, the section pressure distributions 
at the wing pressure stations parallel to the X*— axis were plotted, 
and then the plots were mechaniceilly integrated to give section normal- 
force coefficient Cn* and section twisting-moment coefficient c-t’ . 


Using the section coefficients, plots of 


■ b* 

cj,»c«g- and 


2 


along the Y*-axls were made and then mechanically integrated. The wing 
normal— force coefficient and the wing pitching-moment coeffi- 
cient were determined, as in reference 1, from these integrations. 

The rolling-moment coefficient Cj, the change wing noimal— 

force coefficient resulting from aileron deflection, and the change 


in wing pitching-moment coefficient resulting from aileron deflection were 
also deteimined from these integrations together with similar integrations 
for the swept configurations with undeflected aileron. 
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The rolling-Hncaiioiit coefficient for the wing with the sealed aileron 
Is shown plotted against Mach ntnnher In figure 7* The variation with 
Mach number of the total rolUng-moment coefficient of the wing with 
ailerons at eg.ual positive and negative deflections Is shown In figure 8 . 
Data for total deflections of 10° (±5°) 20° (±10°) are shown, together 

with values from reference 3 for the unswept wing. The hinge-moment data 
of these tests are for an unsealed aileron with a gap approximately eq.ua! 
to O.OO 30 * . The general effects of compressibility on aileron hinge- 
moment coefficient are brought out In figure 9* The variation with Mach 
number of the total hinge-moment coefficient of the aillerons at eg.ual 
positive and negative deflections Is shown In figure 10. Included in 
figures 9 10 also are data for the unswept wing from reference 3 * 


The variation with Mach number of the wing normal— force coeffi- 
cient the norma].— force— curve elope and the incremental 

value °^ 'wliig normal— force coefficient resulting from aileron 

deflection are shown in figures 11, 12, and 13, respectively. The 
normal— force— curve slopes shown are the average values for an angle— 
of— attack range from 0° to The spanwlse variations along the T*— axis 

b* 

of the section loading <>a*c*=- based on the air loads outboard of the 

°e 

fuselage are given In figures 14 to 17 for the various sweep angles and 
aileron deflections. In these tests the lines of pressure orifices were 
perpendicular to the T*— ails, and the loading curves were plotted eilong 


the Y’-axls in terms of 


b* / 2 ’ 


The chord c* used In the loading plots 


was limited by the fuselage surface for those wing sections partially 
covered by the fuselage. This chord was zero at the spanwlee loca— 

y* 

tiou coirrespondlng to the intersection of the trailing edge of 

h* /2 

the wing and the fuselage surface for the sweptforward configurations 
and to the Intersection of the leading edge of the wing and the fuselage 
surface for the sweptback configuration. (See figs. 1 to ^.) It is to 

y* 

he noted that the value of ^ value of c’ of zero is on the 




negative side of 
the positive side of - .^y^ 


= 0 for the sweptforward configurations and on 
= 0 for the swepthack configurations (figs. 1 


to 4) . The loading curves shown in this report differ, therefore, from 
usual load distrlhutlons in that the loading hecomes zero at the Inhoard 

y * 

.spanwlse location where c* is zero. The loading data for an 

aileron deflection of 0° are from the tests of reference 1. In the 
present tests it was found that the loeuilng curves at inboard stations 
could be satisfactorily faired from the coiresponding plots for an aileron 
deflection of 0 °, so in order to reduce the large amount of computing 
Involved, same of the inboard pressure data were not worked up. 
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The effects of compreeslbllity on the wing pltchlng-niament coeffi- 
cient Cm^j. and the change wing pitching-moment coefficient 

resulting from aileron deflections are shewn in figures l 8 and 19 , 
respectively . 


DISCIBSION 

Tariahles 


Since the aspect ratio, wing section, taper ratio, and Reynolds 
numher range changed in the present tests when the sweep angle weis 
changed, the results shown do not indicate the effects of sweep alone. 
The effects of the changes in these other variables on most of the 
variations of characteristics with Mach number, however, are probably 
small with respect to the effects of the corresponding sweep. As 
mentioned previoaisly, the data have not been corrected for wing bending 
so the results presented in this report apply specifically to a wing 
with flexural characteristics similar to those of the model wing tested. 


Rolling-Mcmient Coefficient 

The rolllng-moment-coefflclent curves for the configuration with 30° 
of sweepback generally show losses in effectiveness at high Mach numbers 
(fig. 7 (c) )« Tbe rolling-moment data for the wing with 30 ° of sweepfoivard, 
however, show appreciably smaller losses in effectiveness at the same 
high speeds (fig. 7(b)). For sweep angles of ±lj-5° there are smaller 
changes in rolling-moment coefficient with Mach number (figs. 7(a) 
and 7 (d)) than for ± 30 °. 

The effect of sweep on the total rolling-moment coefficient 

is Illustrated in figure 8 . The data for the unswept wing for angles of 
attack to k° are characterized by .xoarked losses in aileron effectiveness 
associated with the formation of a strong compression shock on the wing 
at high supercritical Mach numbers. Sweeping the wing back to 30° 
reduces the severity of the losses and delays the occtirrence of the 
losses to higher Mach numbers. Sweep angles of —30° and ±i4-5° show 
fiarther Improvement in aileron effectiveness characteristics at high 
Mach numbers. At low Mach numbers the ailerons on the wing with 30° 
of sweepback produce more roiJLing moment than on the wing with 30 ° of 
sweepforwetrd. At high Mach numbers, however, the ailerons on the wing 
with 30 ° of sweepforward are more effective than on the wing with 30 ° 
of sweepback. The ailerons on the wing with 45° of sweepback generally 
produce more rolling moment than on the wi] 3 g with 45° of sweepforward 
for most of the speed range covered by these tests. At the highest 
speeds the ailerons on the wing with 45° of sweepforward are more 
effective than on the wing with 4^ of sweepback. 
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Hinge-Mcanent Characteristics 

The configuration with 30° of sweephack eiperienced marked changes 
In aileron hinge-moment characteristics at high Mach numbers, but these 
changes were much smaller than the large, irregular changes in hinge- 
moment characteristics esperienced by the unswept configuration (fig. 9 ) . 

The changes in hinge-moment characteristics with variation in Mach number 
were appreciably less for the configuration with 30 ° of sweepforward than 
for the configuration with 30° of sweepback. The compressibility effects 
on the binge-moment coefficients for the configurations with ±h 5 ° of sweep 
were small. 

Sweeping the wings, as would be erpected, also reduces the variation 
with Mach nuinber of the totals aileron hinge-moment coefficient as eaperienced 
by the unswept configuration (fig. 10) . In these tests 30° of sweepforward 
generally resulted in higher. total hinge-moment coefficients than 30 ° of 
sweepback, whereas k 5 ° of sweepforward gave lower values than 45° of 
sweepback. 


Eormal.-goroe Characteristics 

The effects of compressibility on the wing normal— force coefficient 
of the swept configurations with aileron* deflected are, in general, 
approximately the same as the effects obaemred for the swept configura- 
tions with iindeflected aileron (figs. 11(a) to 11(d)). Compressibility 
effects on normal— force-curve slope for the wings with —45°, 

30 °, and 45° of ^eep, and with the aileron deflected, are essentially 
the same as noted for the corresponding swept configurations with 
undefleoted aileron (fig. 12) . The slopes for the configuration 
with 30 ° of sweepforward become less with increase in aileron deflec- 
tion at high Mach numbers. This trend la also generally true but to a 
lesser extent for the configuration with 30° sweepback. The vari- 
ations with Mach number of the incremental wing normal— force coeffi- 
cient resulting from aileron deflection are quite small, for the 

most part, for «n the swept configurations (fig. 13 ) and are seen to 
be very similar to the variations with Mach nmnber of the rolling-moment 
coefficient (fig. 7) • The greatest changes in with Mach number 

are to be noted for the configuration with 30 ° of sweepback and these 
changes are small in magnitude. 

The Irregular load distributions and large changes in angle of 
zero normal force observed for the imswept wing at Mach numbers 
above O .83 (reference 3) were notably Improved by 30° and 45° of 
sweepforward and sweepback (figs. l4 to 17)* The load distributions 
for the swept wings are quite similar throughout the Mach number range 
of the tests. Of the sweep angles investigated, the loading curves 
for 30 ° of sweepback were affected most by Mach number variation. 
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Pitching-Mcanexrt Characteristics 

The wing pitching-moment coefficient about the quarter-chord point 
of the mean aerodynamic chord shows considerable veurlation with Mach 
number for all the sweep angles tested (fig. I 8 ) . The effects of com- 
press iblllty on the incremental wing pitching-moment coefficient 

resulting from aileron deflection are also large end quite irregular 

(fig. 19 ).. 


CONCLUDING- EEMAEKB 


A three-dimensional wind-tunnel investigation was made of plain 
ailerons on a wing with 30 ° and 45° of sweepback and sweepforward at' 
Mach nimibers from 0.60 to O. 96 . The results presented in this report, 
specifically applying to a wing with flexural characteristics similar 
to those of the model wing tested, indicated the following; 

1. Wing configurations with 30° of sweepback and sweepforward 
generally reduced the severity of the large changes in rolling-moment and 
aileron hliige-mament coefficients eaperlenoed by the unswept wing con- 
figuration as a result of compression shock end extended to higher Mach 
numbers the speeds at which such changes occurred. The use of 45° of 
sweepback and sweepfoiward resulted in rolling-moment and hinge-moment 
coefficients which, for the Mach numbers covered by these tests, did 

not materially change with speed. 

2 . At low Mach numbers the configuration with 30 ° of sweepback 
developed more rolling moment than the configuration with 30 ° of 
sweepforward; at high Mach numbers, however, 30 ° of sweepforward 

was more effective. The configuration with 45° of sweepback genereiUy 
developed more rolling moment than the configuration with 45° of 
sweepforward for most of the speed range covered by these tests; at 
the highest speeds 45° of sweepforward was more effective. 

3 . The configuration with 30 ° of sweepback generally had smaller 
aileron hinge moments than the configuration with 30 ° of sweepforward. 

The configuration with 45° of sweepforward, however, gave smaller hinge 
moments than the configuration with 45° of sweepback. 

4. The changes with Mach number in the wing pitching-moment coeffi- 
cient of the swept configurations were large. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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